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Context: A number of studies have found that the use
of cannabis and other psychoactive substances is asso-
ciated with an earlier onset of psychotic illness.

Objective: To establish the extent to which use of can-
nabis, alcohol, and other psychoactive substances af-
fects the age at onset of psychosis by meta-analysis.

Data Sources: Peer-reviewed publications in English
reporting age at onset of psychotic illness in substance-
using and non–substance-using groups were located using
searches of CINAHL, EMBASE, MEDLINE, PsycINFO,
and ISI Web of Science.

Study Selection: Studies in English comparing the age
at onset of psychosis in cohorts of patients who use sub-
stances with age at onset of psychosis in non–substance-
using patients. The searches yielded 443 articles, from
which 83 studies met the inclusion criteria.

Data Extraction: Information on study design, study
population, and effect size were extracted independently
by 2 of us.

Data Synthesis: Meta-analysis found that the age at on-
set of psychosis for cannabis users was 2.70 years younger
(standardized mean difference=−0.414) than for nonus-
ers; for those with broadly defined substance use, the age
at onset of psychosis was 2.00 years younger (standard-
ized mean difference=−0.315) than for nonusers. Alcohol
use was not associated with a significantly earlier age at on-
set of psychosis. Differences in the proportion of cannabis
users in the substance-using group made a significant con-
tribution to the heterogeneity in the effect sizes between
studies, confirming an association between cannabis use
and earlier mean age at onset of psychotic illness.

Conclusions: The results of meta-analysis provide evi-
dence for a relationship between cannabis use and ear-
lier onset of psychotic illness, and they support the hy-
pothesis that cannabis use plays a causal role in the
development of psychosis in some patients. The results
suggest the need for renewed warnings about the poten-
tially harmful effects of cannabis.
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C ANNABIS IS THE MOST
widely usedaddictive sub-
stance after tobacco and
alcohol.1 The 2009 Na-
tional Survey on Drug Use

and Health reported that more than 16 mil-
lion Americans use cannabis on a regular
basis, most of whom started using canna-
bis and other drugs during their teenage
years.2 There is little doubt about the exis-
tence of an association between sub-
stance use and psychotic illness. National
mental health surveys have repeatedly
found more substance use, especially can-
nabis use, among people with a diagnosis
of a psychotic disorder.3-5 There is a high
prevalence of substance use among indi-
viduals treated in mental health settings,6
and patients with schizophrenia are more
likely to use substances than members of

the wider community.7,8 Prospective birth
cohort and population studies suggest that
the association between cannabis use and
later psychosis might be causal,9,10 a con-
clusion supported by studies showing that
cannabis use is associated with an earlier
age at onset of psychotic disorders, par-
ticularly schizophrenia.11-15

Not all researchers agree that the asso-
ciation between cannabis use and earlier age
at onset is causal. Sevy et al16 argue that the
association between cannabis use and ear-
lier age at onset could be explained by demo-
graphic variables, including lower socio-
economic status and the proportion of male
cannabis users. Wade17 has suggested that
the apparent association between earlier age
at onset and cannabis use might simply be
owing to older patients with first-episode
psychosis being less likely to use cannabis.

Author Affiliations are listed at
the end of this article.
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If an association between cannabis use and an earlier
age at onset of psychotic disorder were confirmed, the
finding would lend support to the possible existence of
a causal link between cannabis use and psychosis. This
would in turn stimulate research into how cannabis can
disrupt brain development and increase the vulnerabil-
ity to developing psychosis. Evidence already shows that
cannabis exposure is associated with a decline in cogni-
tive performance in young people without psychosis18 and
a loss of cortical thickness in early schizophrenia.19,20 Other
research suggests the presence of a gene!environment
interaction involving cannabis and a functional poly-
morphism in the enzyme catechol O-methyltransferase
so that cannabis users with the Val/Val catechol O-
methyltransferase genotype are at greater risk for devel-
oping psychosis21 and have a significantly younger age
at onset than people with Met/Met or Val/Met alleles.22

However, attempts to confirm the earlier onset of psy-
chosis among cannabis users found in individual studies
have been complicated by the considerable variation in the
methods used to examine the association between the age
at onset of psychosis and substance use. First, there are
differences in the way substances have been examined.
Some studies use an omnibus measure of substance use,23,24

while others have specifically examined the associations
between age at onset and use of alcohol25,26 or canna-
bis.27,28 Second, there are differences in the patient popu-
lations because some studies include patients with affec-
tive psychoses (psychotic depression and mania),29,30

whereas others limit samples to patients with a diagnosis
of schizophrenia and related disorders.31,32 A third area of
methodological variation is whether the studies exam-
ined substance use at the time of initial presentation to men-
tal health services33,34 or later in the course of established
psychotic illness.35,36 A fourth difference is in the nature
of the control group, because some studies use psychotic
patients with no reported substance use as controls,13

whereas the control groups of other studies include psy-
chotic subjects who used drugs other than the drug un-
der study.27 A fifth point of variation across studies re-
lates to the age range of included patients, because many
early-psychosis services only see individuals younger than
a certain age, which is a potentially important confound-
ing factor because cannabis use is more prevalent among
younger people.17 Perhaps most importantly, few studies
explicitly state whether the substance was being used prior
to the onset of psychosis, which makes it difficult to draw
causal inferences from a reported association.

We describe a meta-analysis of studies reporting age
at onset and substance use to examine the consistency
of the association between substance use, in particular
cannabis use, and younger age at onset of psychosis.

We considered whether studies of the age at onset of
psychosis among substance users and non–substance us-
ers would have a greater effect of earlier age at onset of
psychosis in studies with a higher proportion of cannabis
users compared with studies with a lower proportion of
cannabis users. In the language of meta-analysis, we con-
ducted the study with the specific a priori hypothesis that
between-study heterogeneity in the age at onset of psy-
chosis would be predicted by differences in the propor-
tion of cannabis users in the substance-using groups.

We also examined demographic factors, methodologi-
cal variations, and indicators of study quality to assess the
possibility of a confounding effect arising from the pro-
portion of cannabis users among substance-using groups.
Hence, we considered whether between-study heteroge-
neity in the age at onset of psychosis was associated with
the following: (1) the predominance of males in the sub-
stance-using groups, because of a potentially confound-
ing statistical association between male sex and earlier age
at onset, irrespective of substance use; (2) the proportion
of patients with a diagnosis of schizophrenia in the sub-
stance-using groups, because of the possibility of a spe-
cific causal association of cannabis with schizophrenia
rather than with a broader category of psychotic disor-
ders; (3) the use of an upper age limit as a criterion for
inclusion in the study, because older subjects might be less
likely to use cannabis, spuriously increasing the differ-
ence in age at onset of psychotic illness in substance-
using groups; (4) the use of age at onset of psychotic symp-
toms rather than the age at initiation of treatment as the
measure of age at onset, because the initiation of treat-
ment is not an accurate marker of the age at onset of the
psychotic illness owing to well-recognized treatment de-
lays; (5) the use of systematic methods for diagnosing psy-
chosis and substance use, because higher-quality studies
are less likely to have misclassified subjects; (6) whether
the studies were conducted during first-episode psycho-
sis or later in the illness, because subjects who com-
menced or stopped using cannabis after diagnosis could
be misclassified; (7) whether the control group con-
tained some subjects who used drugs other than the drug
being studied, as was the case in some studies of the ef-
fects of use of particular substances such as cannabis, al-
cohol, and cocaine; (8) the year of publication of the study,
because of the possibility that the potency of cannabis has
increased over time37; and (9) the reported severity of sub-
stance use, including whether the substance use was re-
ported to be heavy or continuous.

METHODS

The methods were based on the guidelines for Meta-analysis of
Observational Studies in Epidemiology.38 We used systematic
searches of multiple databases; 2 of us independently selected the
studies according to our inclusion criteria and then extracted the
data. The effect size for age at onset of psychosis was calculated
using a random-effects meta-analysis. Sources of between-study
heterogeneity, such as those caused by differences in the meth-
ods in the included studies, were examined for using meta-
regression. The possibility of publication bias was quantified.

SEARCHES

A systematic search of 5 electronic databases (CINAHL, EMBASE,
MEDLINE, PsycINFO, and ISI Web of Science) was conducted
for publications in English reporting the age at onset of psy-
chotic disorders in cohorts of patients who reported the use of a
psychoactive substance (other than tobacco) compared with the
age at onset among a control group of patients with psychosis
who did not use psychoactive substances (Figure). The main
search of the first 4 databases was not limited by the inclusion of
“age of onset” or “age” among the search terms because most of
the relevant papers could not be located using those terms. More-
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over, the abstracts of papers yielded by electronic searches proved
to be an unreliable guide to the presence of age-at-onset data.
Hence, any paper considered likely to contain demographic data
about cohorts of substance-using and non–substance-using pa-
tients with psychosis was examined in full text by 2 of us (M.L.
and S.S.), and the references of the included studies and those of
previous reviews of the association between cannabis and psy-
chosis were hand-searched for further relevant studies.

The results of 83 studies were included in the meta-
analysis, which incorporated 8 studies that met the inclusion
criteria after further data needed for meta-analysis were pro-
vided by the primary researchers. Two authors of similar stud-
ies were unable to provide the additional data and their stud-
ies were not included. No unpublished studies or studies
published from non–peer-reviewed sources were considered.
Studies were included if they reported the mean and standard
deviation (or other effect size data) of age at onset of psychotic
illness in a substance-using group and a non–substance-using
control group. There were not enough studies reporting a tem-
poral relationship between the onset of substance use and the
onset of psychosis to include this in the meta-analysis.

DEFINITION OF SUBSTANCE USE

The meta-analyzed studies used a range of definitions of sub-
stance use. In all of the studies, the degree of substance use was
considered to be clinically significant; in many studies, the di-
agnosis of a substance use disorder was the threshold for in-
clusion in the substance-using group. Where possible, the con-
tribution to between-study heterogeneity of heavy or more
continuous substance use and less heavy or discontinued sub-
stance use was examined. However, the random-effects meta-
analysis used in this study only required that thresholds are con-
sistently applied within studies and allows for differences in
sampling and measurement between studies, such as differ-
ences in the threshold for inclusion in the substance-using group.

TOBACCO USE

No study included tobacco use in its definition of substance use.
Therewere likely tohavebeentobaccousers inboth thesubstance-
using and non–substance-using groups in every included study.
Hence, the extent to which tobacco use was associated with other
forms of substance use or the extent to which tobacco use might
be associated with the age at onset of psychosis could not be ad-
dressed using this data set. Few studies reported the age at onset
of psychosis for tobacco users and nonusers.11,39

DATA EXTRACTION

The data were independently extracted by 2 of us (M.L. and
S.S.). The origins of the data were not blinded for data extrac-
tion because we did not believe this information would be a
source of bias. Twelve differences in more than 2000 data points
were resolved by a joint examination of the papers. The fol-
lowing data were extracted:

v The substances examined, the number of substance-
using and non–substance-using patients, and either the mean
age and standard deviation of the substance-using and non–
substance-using groups or other data such as an effect size suit-
able for meta-analysis.

v The proportion of cannabis-using patients in the substance-
using group.

v The proportion of patients with a schizophrenia-related
psychosis.

v The proportion of males in the substance-using and non–
substance-using groups.

v The preponderance of male patients in the substance-
using group, estimated as the ratio of the proportion of males
in the substance-using and control groups.

v An inclusion criterion of being aged 45 years or younger.
v Whether age at onset of psychosis referred to the age at

the time of onset of psychotic symptoms or the age at the first
treatment for psychosis.

v Whether systematic measures such as structured inter-
views were used to diagnose both substance use and psychotic
disorders.

v Whether the study was conducted exclusively among pa-
tients with first-episode psychosis.

v Whether all substance-using subjects were excluded from
the control group in studies examining age at onset associated
with specific substances.

v The year the study was published.
v Whether the substance use was thought to be heavy and

whether the substance use continued after the diagnosis of
psychosis.

META-ANALYSIS

Standardized mean differences and meta-analytically estimated
differences in means (in years) were calculated using Compre-
hensive Meta-analysis version 2 software (Biostat, Inc, Engle-
wood, New Jersey). Standardized mean difference (the differ-
ence between 2 normalized means) was used as the main outcome
measure because it is not affected by variation in mean age be-
tween studies and can be calculated from a wide variety of effect
size data.

Substance use and age were both regarded as positive fac-
tors, so that an effect size with a larger negative value indicated
an earlier age at onset in the substance-using group when com-
pared with the controls. The between-study heterogeneity in effect
sizes was examined using I2 and Q-value statistics. Meta-
regression was used to examine the predictors of heterogeneity
with a method-of-moments model using Comprehensive Meta-
analysis software. Variables found to contribute significantly to
the between-study heterogeneity were included in a multivari-
ate meta-regression that was carried out in Intercooled Stata ver-
sion 9.1 software (StataCorp LP, College Station, Texas) using
the metareg procedure. The within-studies component of vari-
ance was derived from the calculated variation in the standard-
ized mean difference in age at onset. The between-studies com-
ponent of variance was estimated by the restricted maximum
likelihood procedure. Standardized mean differences were used
as the effect size measure, but point estimates in years are also
reported for ease of interpretation.

Search 1: 1293 titles located after the removal of duplicates from PsychINFO (1950 
to June 2010), EMBASE (1980 to June 2010), MEDLINE (1950 to June 2010), and 
CINAHL (1981 to June 2010) using the search terms “schizophrenia OR psychosis 
AND substance OR dual diagnosis OR drug abuse OR cannabis OR alcohol OR 
amphetamine OR cocaine”
Search 2: 277 titles located from the ISI Web of Science (inception to June 2010) 
using the terms “schizophrenia AND cannabis AND age”
Search 3: hand-searching of references in published papers and systematic reviews 
of the incidence of substance use in people with psychotic illness

83 Studies (reported in 89 papers) reported a measure of 
age at onset of psychosis in cohorts of people with a 
psychotic illness, other than drug-induced psychosis, in 
both substance-using and non–substance-using groups

443 Papers examined 
in full text 354 Papers excluded

Figure. Flowchart of search strategies and results.
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Subgroup analysis was performed using the subset of stud-
ies reporting data for males and females separately and for stud-
ies reporting data both for heavy or ongoing substance use and
for lighter and infrequent or discontinued substance use. A ran-
dom-effects model was used in all analyses because of the dif-
ferences in methods and patient groups between the studies.

PUBLICATION BIAS

Three methods were used to investigate publication bias. First,
a funnel (Egger) plot of the effect size vs the variance was in-
spected40 for the presence of smaller studies with a large effect
size indicating an earlier age at onset associated with sub-
stance use. Second, the classic fail-safe N was used to estimate
the number of hypothetical missing studies with an effect size
of 0 that would be required to return to P" .05. Third, using
the trim and fill method by Duval and Tweedie,41 we exam-
ined the possible effect of hypothetically missing studies on the
pooled estimate of the standardized mean difference. The pos-
sibility of bias introduced by the exclusion of non-English-
language papers was not examined.

RESULTS

SEARCHES

We found 83 studies containing a total of 131 samples
of the mean age at onset of psychosis in substance-using
and non–substance-using individuals with psychotic dis-
orders (Figure, eTable, eFigure, and eReferences [http:
//www.archgenpsychiatry.com]). The 131 included
samples comprised 8167 substance-using patients (mean
[SD], 62.4 [69.0] substance-using patients per sample)
and 14 352 non–substance-using patients (mean [SD],
109.6 [137.3] non–substance-using patients per sample).

PUBLICATION BIAS

There was no statistical evidence of publication bias. The
funnel plot was symmetrical, indicating that there was no
statistical evidence of missing studies. No study was iden-

tified by the trim and fill method; therefore, no adjust-
ment of the point estimate was made. The classic fail-safe
N test found that 1098 studies of a similar size with an effect
size of 0 would be needed to return the study to P" .05.

META-ANALYSIS

Meta-analysis of age at onset of psychosis revealed that the
age at onset was 2.70 years earlier among samples of can-
nabis users (z=−7.18; P# .001) and was 2.00 years ear-
lier in samples with unspecified substance use compared
with non–substance-using controls (z=−6.87; P# .001)
(Table 1). Alcohol-using samples were nonsignificantly
younger than the control groups (−0.28 years; z=−0.47;
P=.64). Overall, the mean age of the substance-using
groups in the 131 samples was 1.73 years younger than
in the control groups (z=−2.74; P=.006). Subgroup analy-
ses demonstrated that the pooled estimate of the effect size
indicating earlier age at onset among substance users was
greater among women (−3.40 years) than among men
(−1.87 years), but this difference was not statistically sig-
nificance (Table 1). The pooled estimate of the effect size
indicating earlier age at onset was greater in heavy or con-
tinuous substance users (−2.72 years) than in subjects who
were rated as having lighter substance use or who had
stopped use (−2.07 years), but this difference between
groups was not statistically significant (Table 1).

META-REGRESSION AND MULTIPLE
META-REGRESSION

First, a higher proportion of cannabis users among the sub-
stance-using groups was associated with a greater nega-
tive effect size, indicating an earlier mean age at onset of
psychosis. This could be seen in the group of studies that
specifically examined cannabis use and was also demon-
strated by meta-regression (Table 2) and multiple meta-
regression (Table 2). Second, meta-regression suggested
that an overrepresentation of males in the substance-

Table 1. Meta-analysis of Substance Use and Age at Onset of Psychosis Grouped by Substance, Sex, and Severity of Substance Use

Group
Samples,

No.
Effect
Size, y

Effect Size, Standardized Mean Difference

Between-Sample
Heterogeneity

Between-Group
Heterogeneity

Point
Estimate SE Variance 95% CI

All studies defined by substance use type
Alcohol use 22 −0.28 −0.038 0.081 0.007 −0.196 to 0.120

Q=495; df (Q)=130;
P (Q)$ .001; I2=78.1

Q=14.52; df (Q)=2;
P (Q)=.001

Cannabis usea 41a −2.70 −0.414 0.058 0.003 −0.526 to −0.301
Substance useb 68b −2.00 −0.315 0.046 0.002 −0.405 to −0.225
Overall 131 −1.73 −0.264 0.096 0.009 −0.453 to −0.075

Studies reporting groups by sex
Females 13 −3.40 −0.365 0.131 0.017 −0.622 to −0.108 Q=276; df (Q)=36;

P (Q)$ .001; I2=86.9
Q=0.1; df (Q)=1;
P (Q)=.81Males 24 −1.87 −0.325 0.096 0.009 −0.513 to −0.138

Studies reporting groups of heavy or
continued users vs lighter or
discontinuing users

Lighter or discontinued use 10 −2.07 −0.301 0.113 0.013 −0.522 to −0.080 Q=33.7; df (Q)=19;
P (Q)=.02; I2=43.7

Q=0.6; df (Q)=1;
P (Q)=.42Heavy or continued use 10 −2.72 −0.428 0.110 0.012 −0.644 to −0.211

Abbreviation: CI, confidence interval.
a Includes 1 study of cocaine users, all of whom also used cannabis.
b Includes 3 studies of cocaine users.
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using groups was associated with a greater negative effect
size, indicating an earlier mean age at onset of psychosis.
Third, meta-regression indicated that samples that in-
cluded subjects older than 45 years also had an earlier age
at onset of psychosis associated with substance use when
compared with the group of studies that included younger
patients only. Multiple meta-regression found that can-
nabis use and the sample age range made independent con-
tributions to the observed heterogeneity in effect sizes, while
a trend toward a higher ratio of males contributing to a
larger negative effect size was not significant.

Other variables that did not contribute to the heteroge-
neityof effect sizeof substanceuseonageatonset included
the following: the proportion of patients with schizophre-
nia and related nonaffective psychotic disorders; whether
the study used systematic measures for diagnosis; whether
the study was conducted in patients with first-episode psy-
chosis;whetherthecontrolgroupsmighthaveincludedsome
users of other substances; whether the onset of psychosis
was defined by the onset of symptoms or the date of initial
treatment; and the year of publication of the study.

COMMENT

We found that the use of cannabis and other illicit sub-
stances was associated with an earlier age at onset of psy-
chotic disorders. In contrast, alcohol use alone did not
appear to be significantly associated with a younger age
at onset of psychosis. With regard to our a priori hy-
pothesis, we found that a higher proportion of cannabis
users in the substance-using groups significantly con-
tributed to the heterogeneity in the effect size, indicat-
ing an earlier mean age at onset of psychosis in samples
with more cannabis users.

Withrespect to thedemographicandclinical factors,we
foundthatanincreasedproportionofmalesinthesubstance-
using groups relative to control groups significantly con-
tributed to the heterogeneity in the effect size, but this was
not independent of the association between cannabis use
and age at onset when examined with multiple meta-
regression. Hence, there was no evidence that the associa-
tion between male sex and earlier age at onset of psychosis
was thereasonfor theassociationbetweencannabisuseand
an earlier age at onset. Furthermore, the proportion of pa-
tients with schizophrenia did not significantly contribute
to theheterogeneity in theeffect size, suggesting that apos-
sible association between young age, cannabis use, and a
diagnosis of schizophrenia rather than affective psychosis
couldnotexplain theassociationbetweencannabisuseand
an earlier age at onset of psychosis.

The methods used in this study allowed us to examine
whether the observed association between substance use
and earlier age at onset might be a result of substance use
being more common among younger people, including
those with schizophrenia, which has been a criticism of
individual studies.17 We found that the use of an upper
age limit as an inclusion criterion significantly contrib-
uted to the heterogeneity in the effect size, suggesting that
the presence of a greater number of older non–cannabis
users in a sample might spuriously contribute to the dif-
ference in mean age between the substance-using and non–
substance-using groups. However, the finding of an asso-
ciation between the proportion of cannabis users and earlier
age at onset was statistically independent of age inclusion
criteria. This suggests that some of the observed differ-
ence in the age at onset of psychosis in substance-using
and non–substance-using groups might well be because
of the association between young age and substance abuse

Table 2. Meta-regression and Multiple Meta-regression of Factors Associated With Heterogeneity in the Effect Size
of Substance Use on the Age at Onset of Psychosis

Factor
Samples,

No.a

Point
Estimate
of Slope

SE of
Slope

95% CI
of Slope Z Value P Value ! 2

Meta-regression of sample characteristics
Proportion using cannabis in substance-using group 114 −0.004 0.001 −0.006 to −0.002 −3.34 #.001 0.088
Ratio of proportion of males in substance-using and control

groups
102 −0.240 0.117 −0.469 to −0.011 −2.05 .04 0.089

Proportion of all subjects with schizophrenia 119 0.002 0.002 −0.002 to 0.005 0.83 .41 0.113
Meta-regression of methodological and quality characteristics

Upper limit of age %45 y at presentation 26/131 −0.242 0.082 −0.402 to −0.081 −2.96 .003 0.102
Some substance users in control group 55/131 0.020 0.071 −0.118 to 0.158 −0.28 .77 0.111
Conducted at time of first episode of psychosis 61/131 −0.067 0.068 −0.202 to 0.068 −0.97 .33 0.107
Defined onset as time of initial treatment 44/131 −0.023 0.075 −0.170 to 0.125 −0.30 .76 0.111
Systematic measure for diagnosis and substance use 87/131 0.038 0.074 −0.106 to 0.182 0.52 .60 0.111
Year of publication of studies 131 0.003 0.005 −0.007 to 0.014 0.66 .51 0.111

Multiple meta-regression of factors found to be associated
with between-study heterogeneity by meta-regression

Ratio of proportion of males in substance-using and
control groups

87b

−0.253 0.142 −0.532 to 0.025 −1.78 .08

0.078Proportion of cannabis users −0.004 0.001 −0.006 to −0.001 −2.83 .006
Age %45 y at presentation −0.216 0.089 −0.390 to −0.025 −2.44 .02
Constant 0.422 0.210 0.010 to 0.834 2.01 .04

Abbreviation: CI, confidence interval.
aSome variables had a lower number of samples owing to missing data.
bNumber of samples reporting these 3 variables.
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but that the observed effect cannot be wholly explained
by an association between young age and cannabis use.

No other methodological or study quality issues that
we examined were associated with between-study hetero-
geneity in effect size for age at onset of psychosis. These
included measures of the severity of substance use, how
the onset of psychosis was measured, whether struc-
tured instruments were used to make the diagnoses of
psychosis and substance abuse, whether the study only
included patients with first-episode psychosis, the pos-
sibility that users of other substances were included in
the control groups, and the year the study was con-
ducted. Hence, it was unlikely that variations in the meth-
ods or the quality of studies greatly affected the main find-
ing of a significantly younger age at onset of psychosis
among substance users, especially users of cannabis.

One limitation of this study was the absence of data to
enable us to examine the extent to which tobacco use is
associated with an earlier age at onset, because insuffi-
cient tobacco use data were available for meta-analysis. It
is conceivable that the apparent association between can-
nabis and psychosis is in fact related to a neurotoxin in
tobacco, which is almost always mixed with cannabis. How-
ever, this is a weakness of all naturalistic studies of can-
nabis and psychosis, and tobacco use by itself has not been
considered to be a factor contributing to exacerbations of
psychosis in people with established illness.

A further limitation of this form of study is the pos-
sibility of ecological fallacy in meta-analyses that do not
examine data from individual subjects.42 An example
might be if the non–cannabis-using patients in the sub-
stance-using groups had the youngest age at onset. A fu-
ture study using individual patient data could clarify the
influence of tobacco use and confirm that the finding was
not due to an ecological fallacy.42

A number of hypotheses have been proposed to ex-
plain the association between cannabis use and schizo-
phrenia, including the following: (1) that cannabis use is
a causal factor for schizophrenia; (2) that cannabis use pre-
cipitates psychosis in vulnerable people; (3) that canna-
bis use exacerbates symptoms of schizophrenia; and (4)
that people with schizophrenia are more likely to use can-
nabis.43 This study lends weight to the view that cannabis
use precipitates schizophrenia and other psychotic disor-
ders, perhaps by an interaction between genetic and en-
vironmental factors as has been suggested for cannabis and
catechol O-methyltransferase21,22 or by disrupting brain de-
velopment, especially during the important neurological
maturation that takes place during adolescence.44 Our find-
ings do not support the view that people with a propen-
sity to develop psychosis at a young age are simply more
likely to use all substances, because alcohol use was not
associated with a younger age at onset. However, the pos-
sibility that those who are destined to develop psychosis
at an early age are more prone to use substances such as
tobacco could be examined in future studies.

The results of this systematic review and meta-
analysis represent strong scientific evidence for an asso-
ciation between substance use, particularly the use of can-
nabis, and an earlier age at onset of psychotic illnesses.
The association between the extent of cannabis use in the
substance-using group and the effect size as well as the

weaker association between earlier age at onset and al-
cohol use support the hypothesis that cannabis use is a
causal factor in psychotic disorders. The finding raises
the important questions of whether cannabis and other
substances can trigger psychosis by direct neurotoxic ef-
fects, by alterations in dopamine activity, or by other
changes in neurotransmission and the extent to which
any adverse effects on the brain are reversible.45,46 These
results confirm the need for further neurobiological re-
search to find the mechanisms by which cannabis use trig-
gers or brings forward psychotic illness.

The results of this study provide strong evidence that
reducing cannabis use could delay or even prevent some
cases of psychosis. Reducing the use of cannabis could be
one of the few ways of altering the outcome of the illness
because earlier onset of schizophrenia is associated with a
worse prognosis and because other factors associated with
age at onset, such as family history and sex, cannot be
changed.47 Buildingonseveraldecadesof research, this find-
ing is an important breakthrough in our understanding of
therelationshipbetweencannabisuseandpsychosis. It raises
the question of whether those substance users would still
have gone on to develop psychosis a few years later. How-
ever, even if the onset of psychosis were inevitable, an ex-
tra 2 or 3 years of psychosis-free functioning could allow
manypatients toachieve the importantdevelopmentalmile-
stones of late adolescence and early adulthood that could
lower the long-term disability arising from psychotic dis-
orders. The results of this study confirm the need for a re-
newed public health warning about the potential for can-
nabis use to bring on psychotic illness.
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